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ABSTRACT < V 

" A major study o£ Canadian scieivpe education was 

undertaken in 1980 to ^establish- a documents 4>asis* for describing 
present purposes and general characterist icISL^f science teaching 
Canadian schools, *to provide an historical analysis of science ^ ^ 
edubati^n in Canada, and to stimulate active deliberation concerning 
future options* for science education in Canada. The research provided 
a database for. a nationwide series of conferences which were held to 
discuss the questions raised^te the, study and to explore future 
directions for science educH^H^ ^'n Canada. This document, 'a summary 
of the study, is. designed for^ mo|g general audience. Its purpose is 
to encourage continui'ng deliberation about the issues by science 
educators and others concerned with the quality of Canadian ^ science 
education. Major areas ^ddrestsed ifreiude: (1) curriculum guidelines 
- (what they prescr ibe ) ; . ( 2 ) textbooks (what they^each) ; (3) teachers 
(^(who they are and. \.wha^ they think); and (4) classrooms (Kow science 
is actually taught). Each of these areas is followed by a list of 
issues to consider. (JN) ; 
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This document is *a summar|||pfie three-volume^Background 

Study of the ScierfGe CouriG^f Canada; Sc/ence Education in . 

Canadian Schools. The individual volumes of fhe complete 

study are as follows; . • . ■ 

•* . . * ■ • , 

I. Introduction.and Curriculum Analyses 

by Graham W.F. Orpwobd and Jean-Pascal Souque 

II. ' Statistical Database for Canadian Science Education 
. ^ by Graham W.F. Orpwood and Isme Alam 

' 111. Case Studies of Science \eaclilng 
' . ed'.li^ by John Olson and Thomas RusselT 

Together, these volumes constitute the research portion of 
a study on Canadian science education conducted by Council 
.between ^980 and 1983. This research provided a database for 
a nationwide series of conferences which were held to discuss ' 
the questions raised by the study and to explore future direc- 
tions for. science education in Canada. The research is now 
being made available to a more general audience, in the form 
of the Background Study, to encourage continuing deliberation 
about the issues by science educators and gthers concerned 
with the quality of Canadian science gj^ication.- * ^ 

• Conclusions and recommended policy initiatives based on* 
the .Background Study are contained in a separate Science 
Ck)uncil Report entitled: Science for Every Studerit: Educating 
Canadians for Tomorrow's World. Copies'^of Report 36, of its. 
summary, and of the Background Study can 'be ordered using • 
the form at the back of ^his booklet.- , ^ . 



Science Education at a Cro^sibads 

In the late seventies, Canadian elementary and secojicl^ry 
schools were sharply criticized foV the .Way fn which science 
was being taught. In the report of the Commission on Canadian 
Studies published in 15?5, Professor Thomas Symons accused 
schools of teaching children "virtually nothing about the impact 
of science in their owp .coiantry."* Acpording to Symons, ^ ^ 
• science was being taught as ybody of knowledge arid 1ech- 
nique, without any mention of^ts personal, social or national* 
relevance. David Suzuki, a geneticist and well-known broad- 
caster, claimed that schools were perpetuating the separation 
of arts and science as "two cultufres," so that potentiaL'scien- 
tists learned nothing of their moral responsibility to socjety, 
while members of even the educated public remained^||jnorant 
of the enormous impact of science and technology on their • 
lives. In Ecole ^ Science = Echec (School + Science 
Failure). Jacques Desautels charged that Quebec schools v^ere 
not developing scientific attitudes agfiong students and that they 
were decreasing rather than increasing interest in science,' 
promoting elitTSm and, in short? miseducating those they should 
be educating. . 

, If the critics were right, the consequence for Canadians 
would be serious. A public that did not understand science or 
its impact on society would be at the mercy of technological 
change, not in control of it. 

In the spring of 1980, the Science Council of Canada 
began a major study of science and education in Canada. By 
examining the past and present objectives and methods of 
Canadian science education. Council hoped to stimulate active 
deliberation on the issues among as many as possible of those 
who have a stake in the sciecjce education enteVprise. The aim 
of these delit^^rations was to explore future directions for 



*T.H.B. Symons. To Know Ourselves, Report of the Commission on 
Canadian Studies. Association of Universities and Colleges of Canada. 
Ottawa. 1975. Volume 1, p. 162. 



science educa^on in Canada. 




Too often/dedsiqns about curriculurti change have 
made exclusively by educators. Thes^ fojjow^ ' 

highly rational, linear process in assessing heeds and develop- 

- ing instructional strategies tg.meet them. But individual children 
and society in general have a bevyildering variety of what gan 
be cafled , "needs," and the process of Triaking curriculum 
iapplves the resolution, of conflicting needs, which implies a 
ffelitiQal decision. This process/must be deliberated over.^d in 
a derfipcratic society all who/Have a stake in the dutcbme^' have 
the. right to fJarticipate in si^h deiiberations. Those responsible . 
for decisions must weigh* cphflicting ad\7ice to ensure that future 
directions are not determined by 4he loudest shout qr"the/mpst. 

^devious political 'manoeuvre, " 

For this reason, the deliberatfons were designed to include 
individuals both inside and. outside the system: students, 
teachers, university professors, school board members and 

, employees of the ministries of education on the one hand, and 
parehts, scientists, industrialists; government officials Wid 
members of th^ general public on the other. . ' 

What are the Problems? 

To pinpoint the piroblems facing Canadian science education, 
specialists from' different fields vvere asked; to provide their per- 
spective on science teaching in "Canada today. Council pub- 
lished their views as a series of <jiscussion papers to stimulate 
debate. 

In yA Canadian Context for Science Education, James Page 
argues \ha\ science education in Canada -lacks Canadian con- 
^ tent. Page, a specialist in, Canadian ^'tidies, maintains that if * 
schools are to produce Canadian citizens aware of their cultural 
heritage, an understanding of science as part of the cultural 
fabric of Canada is^ necessary. 

In" Science in Social Issues: Implications for Teaching, Glen 
Aikenhead points qyt that^ science is now taught as if it were 



all- and self-sufficient. Aikenhead, himself experienced in both 
science-teaching and .curricuturp research and development, 
believes that an educated persop^should be capable of taking, 
•part in and understanding social and political decisions. An 
understanding of science is but one among many ways of 
knowing, he says. 

• '/At present, only the skills of the scientist are taught,'.' 
charges 'Donald George, a professional engineer and university , 
'teacher. In An Engineer's View of Science Education, he j; ' 
suggests that.schools'.should probuce people capable of solving^ 
practical, problems. ' 

What is Scientific Thinking? asks/Wugh Munby:* Munby, an , 
ejfperjpnced teacher and teacher edugetor, believes that current 
teaching prac^tice fails to produce indtoehdent thinkers who ^ ■ 
understand properly the basis of their knowledge; 
''^ ' Marcel Risi, former commercial director of the Centre de u 
recherche induStrielle du Quebec (CRIQ), thinks that science is 
taught only as a body of knowlege. laMacrosco/e; A Holistic 
Approach to Science Teaching, he criticizes schools for not • 
developing educated people with a "sceptical, divergent, ques- 
'tioning apcf imaginative approach'4 towards the solution of 
problems. ' .1'" ^ 

Describing Kbw educators can combine all these diverse 
objectives jn 'the science curriculum is the task undertaken .by 
Douglas Roberts. A professional educator and.member of 
Council's committee on science and education, Roberb outlines 
his ^posals for a oomprehensive and. balanced curriculum in 
Scientific Literacy: Toiva^^alanc^ Setting Goals for S00cl 
Science Programs. i^P". d . 

Still another "problem was ra^ed at a workshop conducted 
by the study committee: science teaching in Canadian schools 
. is not taking sufficient account of the different nieds of boys 
and girls. That this is so is clear from. the fact tfl^t g\r\s tend 
to drop science- courses much earlier than do'boys.' 



The views expressed Jn the discussion papers and in .the 
workshop appeared to confirm the earlier crjticisnns of Symons. 
Suzuki and Desautels. On further examination/these Criticisms 
were seen to be concerned not so much with the content of 
science teaching as with, the ways in which students are taught 
and the purposes for. which thdy learn science. For this reason, 
the research phase of the study focussed on the official objec- 
tives and strategies for 'science teaching. 

Four major research projects were undertaken. Together " 
they provided a view of the teaching of science, both, at the 
level of rhetoric (what is said about science education) and at 
the level of practice (wh9t actu^lj^ takes place).. The projects 
involved: . 

• an analysis of science curriculum guidelines issued by 

/ ministries of education' in the provinces and territories of 
/ Canada; ^ ^ 

• a descriptive analysis of 34 science textbooks in use in 
Canadian schools; 

^ • a survey q^^ science teachers and their views about 
'* teaching science, involving nearly 7000 teachers in 

1227 schools across the country; ^ ■ 

• case studies of actual scj^lnce teaching practice in 8 
/ Canadian schools. 

The results J3f this research, and the questions it raised, 
are summarized icvthe following pages. 



CumculumJjtuid^^ 

What Do They Pres^ril^ ' - 

' A decision made by a teacl^r aBout what or hovy to teach is ^ 
simpjy the last in a chain^of decisions, many of which. have " . 
been made outside the school to cover broad categories Of ' • 
situations. Whether they are made at the ministry," school dis- ' 
trict or school level, these decisions combine' to form a context * 

- which sets limits within which individualjeachers do their' 
specific planning for the day or week 

The first of the decisions in this chain are. made by minis- 
tries of educatiba. Working (typically)'yvith cofnmittees of- * 
science edugators, ministry officials draw up guidelines covering 
each subject Qr course at each level of schooling. Teachers 
and other, insiders have ample opporjjunity to take part in the 
process, but parents, industrialists, business people and those 
outside educational circles areVarely involved. This system pro- 
duces a tendency to cons^n/atism because the range of value 
positions represented is rarely wide. The guidelines specify 
which subjects must be offered, how much ti/np should be 
spent on eadi subject, the requirements for graduation, a 
on. For'^each science subject, they also specify aims, conte 
»d, to -a certain extent, teaching strategies tQ:be implemente 
inf schools. 

In all provinces, a basic core of science ik taught through 

- ^elementary and secondary schools. In the early years*science 
is integrated with other subjecfs but ft'grad;.ialty becomes 
separated during the middle year' Separate courses in physics, 



*For purposes of the study, the "early years" Vvere defined ^s including 
grades one through six (or seven, in two provinces). Sinnilarly, the'"nniddle 
years'" enconnpase grades seven to nine (or tert. in two provinces), and 

Vthe "senior years,'" grades ten (or eleven) to thirteen, vS^TTence" was 
taken to be those areas of the schooV curriculunn designated in eath prov- 
ince and territory as ^science." In practice, this nneant that mathenialjcs 
and social studies were excluded frbnn th(: ctiidy, vyhile physical, biolog- 

rrcal and earth sciences were inciixjed, a; was a large gr^ area of 
subjects such as corpputer studies, agriculture and technology that are 
designated j^Jifferen^y in differ--nt provinces. 



chen4istry and iDiology- emerge Jn the senipr. years in all , 
.provinces. / . -/^ f 

Throughout Canada, sturaents . in the early years*-^ schcfel- 
ing have no'choice: scienca is a required part of thp curricu- 
lum. Jhe same is true, in nlost places, for the middle years. By 
the senior years, students r^yselect from a variety of science 
courses, and different provinces require students tp tak^differ- 
ent numbers of them in order graduate. In 9 of the 12 juris- 
dictions, only one science courseV)eyond the end of grade^ is 
required. Two are required in Manitoba, while in Prince EdW^rd 
IslancJ and Nova Scotia^none are riquired.Vhese are. minimal 
' requirements for graduation purpo^s, bu^0T3|vidual districts or 
schools can set higher 

Between them. th^cu?Ticul^ guidelines issued by minis- 
tries of education in Canada-^ffer dight answers'to the ques- 
tion, "Why teach science?"-. 

* To teach students the basic concepts in science in 3 way 
that will enable them to understand and manipulate scientific 
. information* This aim .emphasizes the value of knowing scientif- 
ic facts rather than how they were developed or might be 
applied^ It is -frequently recommended for those who teath inv 
the early year* of schooling, by those who teach at higher 
levels, and is a major goal of- science education in .every 
province and territory at every level. • / : ' 

Tg develop skill in using the methods -and tools of science. 
In recent years, teaching students to observe, classify, meas- 
ure, "draw inferences and make hypotheses l^as become an. 
increasingly popular reason for te^hing science? This objective 
is also common to most provinces at all three levels. 

To promote an understanding ot the relationship between 
science and society. This objectivj&^^is relatively new^ It reflects 
a degrSfe of popular scepticism about the social and economic 

' (■ 

/ ' . * ' ^ ' ■ 

*This and subsequent statennents of objectives are exannples taken fronn 
^ctueil cu'rricuiynn guidelines. 



poteatial of science, and a greateifsj^wareness in' recent years 

its linoitations.^lt requires teachdte to deal with problennatic ; 
^hScal .issues such a^ energy us?, genetic engineering &nd 
industrial^waste. It is more popular in the middfle years than in 
the early, or se^j&r years. • . * 

To teach s^dents about the nature of science and its 
value as a way of learning and communicating about- the self, . 
the environment and the, universe. ^ere, the goal is to expJain 
i^how science works 'fes^ a discipline. This objective-makes consicl- 
erable use of the* history of science ^nd is included in , ^ 

secondary school guidelines in most provinces.^ 

To help students develop as autonomous and creative indi- 
vi(%jals who live in a scientific and technological society. 
According to this objective, schools teach science iffbrder to 
promote .students' personal growth, both intellecfUal and moral. 
This objective is.Tound in curriculum guidelines for the lower 
grades in all (Provinces (it disappears from the guidelines for the. 
senior grades), but no directions are given to teachers for " 
achieving it. * . , 

• To develop in. students aitifudes characteristic of scientists 
(intellectual honesty, openmindedness, desire for accurate 
knowfedge) and appropriate attitudes towards science in gene^l 
(enthusiasm, appreciation, excitement). This is a popular aim for 
science teaching in the early years. 

To expose students to a representative sample of the tech- 
nologicaf applications of science. There has re-cently been 
^ renewed interest in this aim which, after a period .of popularity , 
in the forties and fifties, ^as dispfaced bylhe objective relating 
to the nature of science.^ ^ 

To ^rephw students to take advantage of c^eer opportuni- 
ties in technology, industry, commerce- and business. Adopted in 
many provinces, this aim is hotly det:)ated' by those who believe 
at schools are nqt'for job training. " . r 
^ Overall,>here is considerable consensus among ministry . 
guidelines as. to the' aims of science education in the ea^rly^ 
years of schooling^ where the ennphasjs is on process^-skills and 



attitude development. In thej3Rf6cll& y^ars, a distinct shift occurs 
towards learning science content for its own sake: Pfocess 
, skills are still emphasized, but science-and-soejpty aims ^become 
more popular^ Guidelines for biology, chemistry and physics 
suggest there is less 6bnsensus about aims^at the senior level, 
•though a movement away from aims of personal growth and 
development of attitudes, in favour of learning about the natut;e 
and applications of science, can be note(i 

It would appear that the five issues rais in Council's dis- 
cussion papers are not stressed in policy documeWe. The' 
guidelines' contain only very occasional referenqes to the need 
• for a Canadian context. (There are exceptions to this: programs 
in the Northwest Territories to help students understand science 
as it applies to their own unique environment, and agricultural 
pVpgrams in Prince Edward Island, are two examples,) The 
relationship of science to other curriculum subjects is almost f 
never discussed, in the guidelines', and although many middle- 
years guidelines speak of the need to teach about the inter-" 
action of science, technology and society, schools appeaf^to 
have largely ignored this topic. The guideliffes niake no mention 
of the processes of engineering referred to by Donald George,/, 
although there are occasional references to technology and the 
products of applied science. There is no reference, at any level, ^ 
to the separate needs of boys and girls. 

When it comes to suggesting how science should be 
taught, ministry guidelines are strangely mute. Teaching strat- 
egies for the early and middle years are limited, for, the most 
part, to injunctions that science programs should be "activity 
based" or should use ••t^e'inquiry approach." There is also little 
in the way of. prescription for the senior years. 

Mostly, ministries influence . how teachers te^h by apprc^- 
ing textbooks. The degree of control over the use of specific 
textbooks varies from province to province. British Columbia' for 
example, presodbes mandatory use of a very limited range of 
textbooks at each level, whfereas Ontario and Quebec have 
traditiCf^ally authorized wide selections of books from which v 
schools have the right to choose. 



How many differen objectives can .a.prpgram realistically 
expected to attainTwe all aims of equaf value? irnot, what 
priorities sViould be |estabHstied amorig them? (Not one guiclp; 
line document sets out an oraei:^pf priority among the dive/se 
aims;) T\ - . . -v. } \ 

How can teachers teach the* conteh^t of science as well ks' ■ 
* attend to some of the other objectives? ^ J ^ 

.jQiven that guidelines rarely establfsh a hierarchy'pf~ process; • 

skills to be-;laught, is there a danger that only lo.west-lojt'el • 

sl<ills will be attended to? ' ' ' . . 

■ ■ ^ . ■ ■■■ .'^ " ■ ■ ■ / 

';How can teachers integrate the subject matter of science 

'with that of social siudies/ mathematics and tl^e technical 
"fiel^ ; ; , ^ . ^ . . ' ■ ' ^ 

How can teachBr^ impart altitudes^ charactpristic of^scjentistsv 
and good attitudes" towards science Ir gehera{, vytthout open-\ 

.*mg. themselves to accusations that they are indoctrinating ; 

•students^. " " ? . > - - 
-What methods' could teachers use to plkce^heir lessops . 
mor^ withinva* Canadian context, teach ^pract icape'nglneering 
skills or take account./pf the separatp-^flee^s of boys.'and 

; girls? . - \ ^ f, r ' 

WitI existing procedares. which «l|ftupported^ by teachers, , 
allpw science" curricula with different objectives to be^'devel- 

>^d,'or will new^procedures and the p^rticipation^of different 

^/people in the making of policy decisions'beVn^ded if change 

' is to occur? . , ^ , 



Textbfooks: What Do They Teach? 

Until recently, single textbooks comprised the entire science 
program/ but the new^rarphasis on training in the scientific 
method and the concern for individualizing instruction that 
emerged during the 1960s prompted ministries to reconjmend"^ 
wider range of textbooks. Today, '174 scieqf e textbook^* are offi- 
cially approved across Canada, while surveys -show that 

■^.250 diff^r'ent books are actually used in science- classrooms 
(most^i^napproved textbooks are used as supplementary aids at 
senior levels). Of th'ese, two-fifths were published before 1975, 
gnd one-fifth more than 12 years ago. These statistics are sig-* 

' nificant because it is the newer books which tend to avoid - 
stereotypes and introduce ^greajer Canadian content and social 
perspective.- • . • , ' • . ^ * 

Although ministries clecide which textbooks can bemused, 
and school boards and schools have some say, the final choice^ 
of a textbook 4or use in the classroom" rests with:1he teacher. 
Across Canada, 6.of 6yery 10 early-years teachers use no 
science textbooks in their classrooms. (There is considerafile 
variation here,^as this statenrient applies to 90^^er cent of 
Onta[io teachers, but to only 3 per cent o^Mewfoundland / 
teachers.) By contrast, textbooks are used d^75 per cent of 
teachers in the. middle, y^rs and 90 per centSf teachers in the* 

"senior years. Generally, teachers find textbooks to be the most 
useful aid in the preparation of science courses,, although early^ 
years teachers prefer to use libraries. museurYis, science fairs 
and other learning res^rces. 

Teachers' satisfaction with the textbooks they use is gen- 
erally quite high, part^larly in the case of physics, biology and 
chenrjistry^te.xtbOoks used in the senior years. M6st teachers 
give textbooks' hig.H) marks for their use' of illustrati9ns. (particu- 
larly in textbooks , for Hhe early years), readability, sui|ability for 
the intellectual maturity of studentsi,^ and the degree to which 
textbooks'/Objectives and priorities agree with their own. Low 
marks are given for the use of Canadian examples and for 
Qccbunts of the applications of science. Although most books 
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are judged to be suitable for fast learners, few,, if any, are 
thought suitable for both fdst and slow learners. 
^ How well do textbooks fulfil the' aims laid dqwn 'by ministry 
guidelines? Broadly speaking, textbooks conform rather well to 
official objectives for science education, although statements of 
aims within textbooks are' sometimes vague or incomplete, and 
it is not always clear to whom they^ are addressed. Considerably 
more attention is given to scientific content and procedures 
than to the social implications of science^ and technology, and ' 
three of the ei^ht obfefctives endorsed by ministries — develop-^ 
ment of science-re latekJ attitudes, the study of applied science 
and technology, and ehcQuragement towards career^;^ 
receive little emphasis* The issues raisect by the authors of* 
Council's discussion papers do not seem to be among the prior- 
ities of the* textbook writers. The point of view Of the engineer is 
almost entirely missing, and the special needs of girls' are not 
given aav emphasis (ajthough the crudest stereotypes have 
:been enmiriiated). 

Ninety-five per cent of experiments suggested in the text- 
books are highly structured. Students are seldom asked to for- 
mulate a question or define a problem. Laboratory manuals 
used in the senior grades generally ask students to verify laws 
previously learned in class (the deductive approach) rather than 
\o generalize from information they themselves have collected 
(the inductive approach).- At all three levels, textbooks rarely ask 
students to work together during laboratory sessions. Although 
attentfon isjgiven to acquiring scientific skills, most textbooks 
confine themselves' to the development of fairly elementary 
skills. ^ ,: 

Of the activities suggested by textbooks to help students 
, apply what they have learned,,dnly one-fifth are ^invitations to / 
direct action in the home or community; the rest are of a 



*The study did not analyze the scienlific content of textbooks, but rather 
the context ifi which that content is [Presented. 
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reflective nrature. A number cTf te^ts discuss "the effects of 
science and technology .on society (there is rough parity ^ 
between good.^and bad effects), but the i;najority of the§e dis-"^ 
cu^sions otcur in the last chaptd'r and are dealt with' perfunc- 
torily. Statements cQncerning the effects of science and ] 
technology, claim t^at they: J 

• result in progress which creates pollution, overpopula- 
tion, illnessiand disturbance to the environment/^ 

• invent medficines and techniques. for improving^Jiealth; 
createjWchrnes or processes to facilitate work or 

. " incre^e wellbeing; ^ 

• discover beneficial new materials and new sources of 
energy; 

• waste energy and resources and create waste disposal 
problems; 

• induce people to conserve resources and energy. ariO 
take"&ction against pollution'.* - ■ 

^ Moral problems (for' example, 'v|he ethics of genetic engineering 
or' whale hunting) and political matters (waste disposal,, deforest-; 
ation, third-world development) -receive scant attention. 

In terms of offering a Canadian perspective, science text- 
books used in Canadian, schools teach almost nothing about 
science and technology in Canada, or about its histo/y and 
impact on society. Some books contain population statistics for 
the United States, .but none for Canada; list the Vacial types in 
the US, but not in^ Canada; mention American universities as ■ 
career goals, but ignore Canadian universities — the list is 
endless. Where Canadian references do^ occur, they usually 
concern problems of pollution and energy. Mining is rarely 
mentioned as an important factor in Canadian life, while the 



*Listed in order of decreasing frequency of appearance. 
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northern charactefrof Canada, its lifestyle and form of govern- 
ment as these relate to science and technfology are virtually 
ignored. The history of science and technology in Canada is ' 
also tr^pd inadequately, through to famous 

Can^d^scientists. such as Str^anford Fleming and . \ 
Sir Fre^rl^k Banting, abound. Almost no information is ^ven 
about carelr possibilities in science, and technology in Canada. 
'The books w)lh the least information on Canada are those used 
in the^early and senior years. Significar^tly, French translations 
of American works contain more Canadian content. 

Concerning the nature of science, most textbooks tell 
students . that science represents both a product and a process. 
'Half the textbooks used in the middle and senior years describe 
the scientific method as^ including the following steps: definition 
of the problem, observation, gathering of information, formula- 
tion of hypothesis, designing the experiment with controlled vari- 
ables, verification and communication of results. There are 
implied suggestions in these accouiits that not only is this how 
scientists do, in fact, work, but that this is how students should 
work as well. 

Though ministries and teachers assign little importance to 
teaching the history of science/few textbooks ignore this topic 
altogether. Historical accounts range from simple lists of the . 
names of scientists and the dates of their discoveries to - • 
detailed case studies, though these faqts are seldom placed in 
an historical or social context. Few authors explain the impqr- * 
tance of learning the history of science, and those who do are 
- not always clear or straightforward in their attempts. ^ 



Issues for Deliberation ) 



What is the^distrtoution of statements in textlpooks Concerning 
the-jocjahconsequences of science and technology tellings 
stu&ents?^Vyhat effect are these me§sages\iaving on 
students' developing attitudes? rv 

^TMtbooks teach that,scientific inquiry is basically inductive in 
na|grd and is based on cooperation^and communication. Yet 
lat oratory- sessions are^pot organized to favour this approach. 
HcOv^'can learning experiences in the laboratory -be .designed 
io b'etter-refleet sciertge as-it is actually practised?' 

Wc^^can JabOratar^^l^s^S'be designed to teach higher-level 
j^rgpess.sl<ills? ■ 



5/ 



tp unc;(erstand tK5?;haiw of science is a major educational 
ject'ive, should rioy'stoSents and teachers be more aware 
the messages conc^jng this subject found in textbooks? 

si^,textbd(?k scfence" -4'. that version of science which has 
^,^^corTie^^^<^ac^dardized, even stereotyped, by repetition in 

textbooks — an acceptable model? Do poli- ^ 
':^y^'"cr^^^ in Quebec, whicl^ require authors to pre- 

' ''^^ pare textboo|(s in accordance with prescribed objectives, 

cdnstitufe-^TSJep avyay from this standardizatron, or '»re other' 
measures '^bessaiy? Is "the child as scientist" a proper , 
nodel/for^^tes^jJiflg scientific thinking? 

xtbgdJiks .remain one of the main instruments by 
►f ^science curricula are reached, should not ' 
i^better understanding of their impact on 
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Teachers: Who Are They and What vi 
Do They Think? 

More than 98 000 people are teaching science in Canadian 
elementary and secondary schools. Most are between 25 and 
45 ^ears of age, hold university degrees and have more than 
10 years' teaching experience. Exceptions to the rule include 
Quebec teachers who tend to be. older than the nor^^^nd 
Newfoundland* and Alberta teachers who tend to be vdunger. A 
SYnafl but definite shift is underway towards more mate teachers 
in the early years and more females in the senior years, where 
males still outnumber females eight-to-one. On average, male 
teachers are^JIghtly bider and significantly more experienced 
than their 'female counterparts. Urban teachers are more 
experienced than rural teachers. 

Most science teachers are enthusiast!^ about teaching 
science. Those who are not usually cite their lack of qualificaT 
tions. Generally, the longer they have been teaching science, 
the more s^isfied teachers are with their work. ^ 

How do teachers feel about the' educational objectivesjpt 
''out in ministry guidelines? Strong support is given by earl^ears 
teachers to those bbjectives that involve attitudes, process skills 
.and social skills. The leafriing of scientific content is valued 
more highly by those v\?i(h less than 10 years' experience than 
by those, with more. * . 

Even more importance is. attached to these objectives by 
middlp-years teachers, who also vote strongly on behalf of 
teaching science content, the relationship between scienca^ and 
society, the practical applications of science, skill in reading 
and understanding scientific literature, and the^alue of science 
for building and expressing students' understanding of the 
world' These objectives reflect the broader variety of purposes 
for which science is taught in these years. "Relating science to 
the needs and^interests of both men and women" and "learn- 
ing about the practice of science/in Canada" are both valued* 
more highly as educational objectives by female than by male 
teachers. These two objectives are also more popular among , 
urban teachers. * 
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Tea/Kers in the serttor years,j(yhile supporting all official 
aims for science teachyjig' find the sanne group of objectives 
chosen by nniddle-years teachers to^be the most important. 
Again, female teachers accord greater impor^tance to objectives 
dealing with the relevanqe of science for men and women. Snd 
the need for a Canadian context. 

Teachers' views of individual objectives differ sorijewhat 
from those of ministry officials wh*^devise them. Although there 
is little disagreement about the importance of teaching content, 
scientific skills and appropriate attitudes fowards science, there 
arfe still questions about which skills should be taught at which 
levels and flow the teaching of content can be combined with 
the achievement of other aims. Further, most teachers feel that 
learning the content of science ts more, important in the higher 
grades than in the lower. "Science and Society" objectives are 
rated high by all teachers, but th'ese same teachers assign little 
importance to fncreasing students' awareness of science as it 
is practised in Canada.^ On this point at least. teacWrs. guide- 
lines and textbopks seem to be in agreement. The critics aiu 
right: sci^n^^ not taught in schools as part of the cultural 
labr. J oi Cai .^v.„^n society. \,.- • . ^ 

• - Objectives that focus on teaching 'Uie nature of science 
receive little support from teachers, who feel that only the 
brightest students can achieve them. Personal growth objectives 
are considetfed important at* lower levels, less so at higher 
levels. Objectives implying that special attention be given to the 
needs of girls in science education receive little support, indicat- 
ing that teachers, as well as ministries, are generally unaware 
of the low participation of wonnen in the professional science 
community. Both teachers and ministries show ambivalent atti- 
tudes towards applied science and technology objectives: aims , 
concerned -with the practical applications of science are rated • 
high at all levels, but those dealing with the skills of engineers ■ 
and technologists are rated low. Teaching science as it relates 
to the students' conception of the world is regarded as impor- 
tant by teachers at all le^^els, but preparing students for career 
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opportunities is seen as anjmportant part of science teaching 
only in the senior years.' - \ 

In general, teachers believfe they are most successful in 
achieving those objectives they consider most important. There 
are a few exceptions: teachers in the e'arly years feel they give 
insufficient attention to the separate 'needs of boys and girls, 
while teachers in the middle anfl senior years feel the "science 
and society" objectives receive Inadequate treatment. Senior 
teachers also question their success in developing reading skills 
and students' ability to understand scientific literature. They are 
unsure about how well they have related scientific- explanations ■ 
to students' conception of the world. These assessments are 
ineyitably subjective. More reliable measuremeritg of teacher 
effectiveness will have to wait until improved techniques are 
developed for evaluating how well studenf^earn. 

As ii ' already been noted, teachers rely heavify on text-' 
jQoko iwhicli they generally find to be of acceptable quality) for 
planning their courses. They make surprisingly little use, how- 
ever, of ministry guidelines and- other jnaterials not produced 
specifically for teachers>Overall, teachers find that^the time 
allocated for teaching science is sufficient, but^some of them 
(early-years teachers in particular) complain of inadequate \ » 
physical facilities and equipment, and poor support for their, 
work from schools and school boards. Physical facilities are 
considerably better in the senior years, where three out-of foUrx 
teachers have regular laboratory equipped for experiments, by 
students. Teachers at alh levels complained of ineffective (or, in 
the case of early-years teachers, largely nonexistent) inservice 
training. 
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Issues for Deliberation 

• Because of declining enrolnnent, rnany school systems have 
stopped recruiting teachers; some have laid off their, youngest 
staff' members. This factor hasf contributed to the increasing 
age and experience of the .scl&nce-teacl;iing force. But given 
tfnat younger teachers are ^mong the best qualified and more 
equally balanced between the sexes, what will be the effect 
on science teaching if this trend continues? 

• As a rule, teachers are beeoming boU'"' ^duL .iled, but: 

half of all science t'^achers have not taken a university- 
level course in mathematics or science in the last ten 
y^ars; • - 

- more than half of all early-years teachers, and more than a 
, third of middle-years teachers, have never taken math- 
ematics or science at university level. 

In view of these statistics, should the requirements for 
teacher certification be changed? ' • , 

• Significant numbers of teachers, especially at the senior level,, 
have had some experience in science outside the academic 
world. Such experience is a valuable teaching resource. How 
can^uch work experience be recognized and encouraged, 
and how can it' best be used for the benefit of students? 
How^can industry become involved in the science education 
of our children, without' diminishing the integrity of teachers 
and their responsibility towards students? 

• Generally, teachers assign low. priority to the objectives out- ' 
lined by the authors of Council's discussion papers. Are the 
teachers right, or are the critics? What priorities should be 
established among the objectives for science education? 
What relative importance should, be given to science at eath 
stage of a student's ejdufcation? 




• Are existing resources adequate for objectives to met? 
How can other useful materials (s^ch as government oublica- 
tions) be made more accessible la teachers? Hovy ccn com- 
puter technology serve as a^curricflluna resource for 

: teachers? How Ccin respuices^^ailable iri secondary. 
schiDols be used \ ) assist science tekchers^in th'e middle and 
early years? 

• How can inservice teacher education be made more effec- > 
tive? Can elementary scRool teachers be given more oppor- 
tunities to benefit fromiuch training? 

• Most teachers believe boys and girls to be equally^able and 
motivated to undertake science, courses, but some teachers 
think that boys in the early year^, and girls in the senior 
years, are«more highly-motivated. Does science teaching 
adequately capitalize on the interests and abilities of all 
students? How can science activities outside the school 
(which students find interesting) be better related to what 
students do inside the school? How can teachers erisufe that 
girl^, who drop out o1 scjence at a higher rate than boys, will 
take an active interest in science? 




Classroom^:; How Is Science 
Actually Taught? ^ - 

Iri' practice, teachers^are concerned with maintaining their cred- 
ibility, exerting their influence, gaining access to scarce 
resources, coping with conflicts between outside expectations . ^ 
and the realities of the classroom, coping with a lack of skill to 
teach science as" innovators imagine it should be taught, WfiJI- 
ing the expectations of authorities and resolving conflicts ^ 
between studehts' interests and the demands of the'subject. ^ 

In the early years ol schooling, at>out 10 per cent of avail- , 
able tirrie is allotted to science. To save time and arouse^ 
student interest, soma^early-yegrs teachers ir^tegrate science 
with related fopics; others putsifie the early years regard .such 
integration vyith some suspicion as a "Softening" of science.^ . 
experience. Curriculum policy documents encourage integration^ 
of subjects, but do not say what science topics should' be 
taught or how they should relate to science work thjat comes 
Jater. This leaves early-years teachers i-fee tp follow student 
Interests, which may lead to' a little science or a great deal of 
it, depending on the teachers' own inclinations. * 

For the most .part, teachers in the early years tend to be 
isolated within the school, by circumstance and by tradition. 
Cooperation seems' to^e difficult to arrange and maintain. The 
presence of a sciefj[ce Expert appears nbt to be an effective 
way of disseminatin)g idea^ about the teaching of science. 

In the middle V^ars, the emphasis is on covering a consid- 
erable body of material#in thV^time available. "Covering the . . 
material" means thBt tne "corVect'^ explanation nj^ust be 
included in students' notes.' Teachers stress the specialized 
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vocabulary of. science, access to which' is 'Controljed through 
notes and activity sheets <Jestgned by teachers. 

. Teachers in the nniddle ye^rs C9nriplain that at this level , 
students are rtot easy to teach; class coptrbl is ;a central con- 
ctern. They speak /uefully aboil the Jack student interest and 
.afeout how hard it is to engage student's intellectually. Ttiey 
%orry that students have become afraid of science because of 
teacher attitudes in the early years. 

' ' Middle-years teachers ennphasize routines, standards of 
accuracy and thorougKo^^For them, "accuracy is at the heart 
of what they believe to be a scientific approach to problems. \ 
This emphasis on approved explanations ^and the right answer is 
at odds with, the pracess of inquiry and the conceptual and ten- 
tative status of knowledge in 'science. Yet, such"^edictable 
activities as note-taking, copying activity sheets and lab^iroce- 
dures are ^aluefl because^the accumulated information provides 
a base for work in the next gr-^de, and because they control 
and' channel energies by keeping students*busy with routine, 
unambiguous wo/k. Teachers appear reluctant Jo introduce into 
their well-ordered and coherent system any activity that might 
upset the smooth running of things. These teachers- seem to 
make very restricted use of the'.potentiat that science has for . 
general education. t 

Senior-years teachers view science as a precise mefiod, 
and. as a system of-^exact numbers, highly organized bodies of 
information and specialized terminology. Their concern is to pro- 
vide students with the notes and with the practicerin solving 
problems that will result in, high marks on examinations and , 
allow the student to move through high school to university. 
Work in the lab is geared^t^wards illustrating, facts and theories 
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presented in the^classroom, confirming what is discussed in 
'Class, obtaining precise facts an(^ getting the right answers to 
; problen:is. Activities are designed- to' develop in .students habits 
of diligence, self-reliance and tidiness. Students are encouraged 
to become systematicw^nd objective. 

Alternative approacnfes,. such as those emphasizini the 
inquiry processor the relation of science to social is^es or 
technology, are not seen as central activities for the science 
classroom, but as a means of encouraging' iriterest. Similarly, 
optional work, though interesting, is not-^essential and uses up 
time needed-to cover the less interesting "real" work. Teachers 
are aware of the dilemmas inherent in their work, and. many 
are unhappy about the trade-offs they are constantly making. 
They recognize^that an inquiry approach might help students to^' 
better undersfand what they are doing, but they^reject such, an 
approach and the use of optional topics for several .reasons: 
*The daily routine does not allow Jor such reflection"; "That 
type of work doesn't sink in"; "It's difficult to evaluate"; 
."There's no academic value in looking at science-arxl-so&ety 
issues"; "Nature-of-science topics take away time from con- 
tent"; "Such an approach isn't efficient." 

Perhaps the practice of these teachers in the classroom 
reflects their views on the nature of their work. Senior-years 
teachers appear to believe that students find it difficult to infer 
felatiohships and explore the implications of theories on their 
own. They believe that students need to be encouraged to 
learn, that they want grades as success tokens, need teachers 
to "boil down" the material for them, and enjoy seeing a defi- 
nite end product to their work. In their opinion, students are 
• easily distracted, want push-button answers and cannot read or 
do math. They are convinced that parents want teachers to 
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ensure the aOcc^ss; of t^^^^^ stuglents artd that unrversitie?,^nt ' . 
students wh'o have" B^en^welliHSnep^ for ppst-sec6r^8icyS)vork.v 
They.do not cqrjkicl^r themselves competent 40 lead disdugslqiiS.-^.^ 
about stil^jective .i^^^ ^ \ ' / ' 

■ Gi^ the inquiry. .^^ 

. apprp^ch^be vieyya^^^^^^ peripheral if.cnofie;>.-i 

; time for'^em wbre/^ ^ > . 

: Ofi the wtiol.e; te^ the task of jteapliihg; ; * t 

ijarge humtie^s.of children'^vyhose abjlitios and .home 'sypport ; < 
':^ya.ry consjcjerabl)^, and pf ,ddlhg^6^np^ v\rith sgiehttfic \ 

'trainirig^or9mple r^gp in a jsociety that Ja,cks -a cl&ar c6rh . V 
. sensti^ 'about^.what^^TQ(:)ls'^kre for. The deieft^s\^i:^laped on * ; 

• teabhersy^rat -^grr^^ Tl^y.tfoiJnter this^:^^^ the way , ^1, 
Khey ttiefti$e^es/c(3nst task^ayS^the means 4hey u$e4o v 
perform it. Confrontednwith uncertainties abo^t subj^et m^^^^ , 
student bejiaviOLfcc and educational goals, 4eachefe approach / . 
'their W^rk in wayfrthat will make it, less unceTlaiin^ .lhus.-acdon^^^^ 
modating to comple:?: situations over which4t]6y;tiavie nt^- ' ! 

• contrd.. . \" ■. ■ 
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Issues f6#Gfejibei:at|dn 



OftjciaLdocuments ackno^vled nontraditional topics and ' , 
approadhes With a 'Rhetoric of option3-" In practice, these 
approcfches.are often abandoned under piressure of time. It ' 
"options are\;Qot^exercised 'bY teachers, how appropriate is the 
"core-plusjoptions'.' approach to. curriculum policy making? 

' m • ' ■ ■■ ■ i 

, Teachers who concentrate Gri ihculcating good habits in 
students s^t social priorities ahead of the development o^ 
intelleckial skills, such as the ability to think critically and 
exercise good judgernent. Doubtless, the socialization of 
students is Jmpartarit,"lDut given the compiex role of science 
irrour-'cultural and political Jives, is the emphasis' on sociaJi^a^ion 
a .wise priority?-.-. ' " • " . ' " j 

Teachers think that, for students pnd their parents, getting 
.high grades is 'alNmportant. Teachers blame this attitude for 
4heir failure to engage students' interest in the subject. But 
with grades as their objective, how well do students- under- * 
stand what they are doin^ in the science classroom? Not 
knpwing how knowledge is achieved in science, the social 
implications of the technology baged on that 'knowledge or 
the ^pulturaf milieu of science, are' not students in danger of 
seeing the isolated la\(^s and fact§. they learn as no more 
than pieces in a unfinishjBdJlg.saw puzzlej 



•'■■'How would teaching innovations affect the persistent prob- ^ 
Jems of teachers, especially those who are not.^science'SjJe- 
. - - cialists? What woutd it mean t^ tfeachers and students t'o^ 
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■take a more adventirrous view of the subject? What, teaching . 
strategiesWould be used witlj nontraditional approaches to 
content? How would these methods be 'justified to parents _ 
and students? What would be the effect of such strategies on 
class control, motivation, evaluation arTd grade progressicH^? 
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Conclusions: Future Directions 



Practical problems, such as those in science education, arejgiot 
resolved simply by collecting research data. As the readerjpll 
have rioticed, research data raise as many questions as they 
answer. The resolution of problems in science education comes 
about through a process of deliberation in wh^h the (possilply|^ 
conflicting) values of.ihe participants are as significant as^the^ 
research findings, i ^ . 

The research findings summarized here played an impor- 
tant role in the deliberative conferences that constituted the 
'final- phase of the study. From those conferences flowed recom- 
mendations, for change in science education policy and prac- 
tice, based on participants' views of the problems confronting 
them. Tti^ese conferences and recommendations have provided 
grist 'for Council's own deliberations and have contributed to the 
development of its Report on this subject. However, while ^ 
CounciPcan write a *'fin^ir' report, the task of science* education 
goes on. The questions raised by this research are too n.umer- 
oifs and loo complex for all oT thenrr to be resolved at this time. 
They are'included here in the hope that deliberation willpon- 
tiriue among all who are concerned for the scientific literacy of 
Canadians. > , * * 
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